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H  ‒  height of agitated charge above vessel bottom [m]






















The  flow  inside  the  agitated  vessel  has  a  key  role  in  the mixing  processes. Only  the 
CFD modeling gives us the complex information about the whole flow field in contrary with 
the results of the experimental measurements. The enormous progress of the computational 
equipment  has  allowed  using  more  exacting  turbulence  models  for  solution  of  the  flow 








The aim of  this study is  the description of  the turbulent velocity field in  the discharge 
stream  from  the  standard  Rushton  turbine  impeller  in  the  pilot  plant mixing  vessel with 
baffles at the wall. Investigation will be carried out experimentally (LDA technique) as well 
75
as by means of CFD simulation, where  the LES approach was used with  (SM)  technique 



























Measurements  of  the  velocity  profiles were  carried  out  in  a  pilot  plant  flat  bottomed 








Laser Doppler Anemometry  (LDA)  one  component measurements  (in  back  scattering 
mode) of the radial velocity were performed in the impeller discharge stream (see Fig. 4.) 
in  the vertical  plane between  two  adjacent  baffles  in  axial  profiles with  several  distances 






Ion-Argon  laser  supply  with  power  5  W  and  separated  beam  only  for  one  component 
measurement  on  wavelength  514.5  nm;  DANTEC  fiberflow  transmitting  optics  and 
P80 DANTEC BSA processor. The optic parameters were: focal length 310 mm, diameter 




coated – Hollow Glass Spheres) with mean diameter 10 mm and density 1.1 g·cm−3 were used 
as trace particles. The measurement was performed through the glass flat bottom of the vessel 
to eliminate optical effects of the cylindrical walls.















The  depicted  results  from  CFD  calculations  and  results  in  measured  points  were 
quantitatively compared by calculations of  the mean  square difference,  i.e.  the difference 
between  the measured  and  the  calculated  data  of  dimensionless  radial  component  of  the 
mean ensemble-averaged velocity. It was calculated using formula:
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dimensionless  radius  is  probably  caused  by  the  different  shape  of  the  discharge  stream 
and  it  seems  to  be  different  also  at  the  vertical  position of  the  stream which depends  on 
the impeller off-bottom clearance. Comparison results in Table 1 for simulation LES 1 and 
LES 2 supports an idea to use a finer mesh for CFD simulation.
T a b l e  1
Values of the mean square difference among LDA data of the mean ensemble-averaged 
radial velocity component and profiles obtained from CFD in dimensionless form
LES 1 LES 2
r* var (Wr*) s var (Wr*) s
1.2 0.0055 0.074 0.0017 0.042
1.4 0.0082 0.090 0.0026 0.051
1.6 0.0056 0.075 0.0024 0.049
1.8 0.0042 0.065 0.0032 0.057
2.0 0.0017 0.042 0.0006 0.024




to  the  dimensionless  form. The  two  values  of  the  dimensionless  radius  r* =  1.4  and  1.6 
are shown in Fig. 12, where the trailing vortices have an impact to the fluctuation velocity. 
The zone  is  titled  the zone of flow establishment  (ZFE)  [1]. The calculated values of  the 
fluctuations  are  rather  lower  than  the measured  ones.  The  results  in  the  next  zone  titled 
the  zone  of  established  flow  (ZEF)  are  depicted  in  Fig.  13.  There  are  compared  values 
of  the dimensionless  radius r* = 2.0 and 2.2.  It  seems  that agreement between computed 





 P nMk= 2pi ,   (2)
Fig.  12.  Comparison  of  axial  profiles  of  r.m.s.  values  of  radial  fluctuation  velocity 
in the zone of establishment (ZFE)





































where t  =  2  mm  is  the  thickness  of  the  separating  disc  of  a  standard  Rushton  impeller 
and  quantity  T
0
  =  1  m.  The  power  number  derived  from  LES  2  calculations  (Eq.  3) 
was Po  =  5.32  and  it  is  in  a  good  agreement with  power  number  calculated  by  (Eq.  4) 
where Po = 5.00.
5. Conclusions
The  flow  in  the  discharge  stream  from  the  standard  Rushton  turbine  was  calculated 
by  the  Large  Eddy  Simulation  approach.  The  comparison  of  the  mean  radial  ensemble- 
-averaged velocity profiles obtained from LDA measurements gives good agreement with 
the calculated  results  from both LES cases. The  r.m.s values of fluctuating velocity show 
the similar shape of profiles, but the calculations mostly underestimated the values obtained 
by  the  LDA measurements.  The  ensemble-averaged  results  show  the  dependency  on  the 
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